Because little is known about spontaneous changes in cerebral blood flow in neonates, a newly developed online Doppler technique was used to insonate continuously the middle cerebral arteries of a group of sick (n=20) and full term healthy (n= 16) newborn infants for a period of one minute. A total of 290 recordings of epochs each lasting one minute were analysed, and pronounced regular, cyclical variations were seen in the velocity traces of these infants. 
Measurements of cerebral blood flow velocities by Doppler ultrasound are being increasingly used to study the neonatal cerebral circulation. The information obtained may help us to understand the pathophysiological processes that predispose to neonatal cerebral injury. We have previously reported the development of an online Doppler technique in which the transducer can be applied directly to the skin overlying the middle cerebral artery. The cerebral blood flow velocity is then measured continuously for a period of one minute.' 2 Many previously reported studies have used intermittent, short duration Doppler monitoring; this can analyse only 30 cardiac cycles of data at most. In some of these methods errors have been caused by movement of the Doppler transducer during the studies, and inconsistency in the angle of insonation between the observations. The use of continuous monitoring of velocity for a long period of time seems to provide new information on the variability of the cerebral blood flow velocity signal that has not been previously reported to our knowledge.
Patients and methods

DOPPLER ULTRASOUND
The Doppler ultrasound system used in this study is a modification of the method we have previously described.2 A 4 or 6 MHz Doptek pulsed wave button transducer (11 mm x 7 mm x 5 mm) was fixed to the skin over the baby's temporal bone at the point where the Doppler signal from the ipsilateral middle cerebral artery (MCA) was maximal. A soft Stomahesive wafer (ConvaTec Ltd) was applied to the skin of the temples as this clings without the need for additional adhesive. The transducer was then secured to the wafer with collodion, the Stomahesive protecting the infant's delicate skin from the collodion. The Doppler sample volume, depth, and length was then adjusted electronically to optimise the signal. Once in place the transducer can remain fixed for up to four hours before being removed.
The probe was connected by a fine coaxial cable to a Doptek pulsed wave Doppler unit, which in turn was connected to a digital signal processing unit and a Nimbus microcomputer. The computer automatically switched the system on at predetermined intervals (in this case every 20 minutes) and gathered 60 The whole unit is transportable and can be wheeled to the cot side. The study was approved by the hospital ethics committee, and informed consent was obtained from at least one parent before each study.
PATIENTS
Two groups of infants were studied: those who required neonatal intensive care (group 1) and a cohort of normal healthy newborn babies who were nursed on the postnatal ward with their mothers (group 2).
The infants in group 1 all had indwelling arterial catheters or cannulas for clinical monitoring before entry into the study so that continuous blood pressure readings could be obtained. All babies in this group required mechanical ventilation at the time of the first study. A morphine infusion or pancuronium, or both, were used when clinically indicated. All the infants were continuously monitored with either an indwell- 1 ). Eleven babies were studied on one day only, six on two separate days, and three on three separate days, making a total of 32 studies. The postnatal ages at the start of each study ranged from 2 hours to 8 days. The length of any one study on a baby ranged from one and a half hours to four hours depending on the quality of the Doppler signal and the baby's clinical condition. All the infants in group 2 were healthy. Their gestational ages ranged from 37-42 weeks (median 39) and they were all studied at postnatal ages ranging from 1-7 days. All the infants in group 2 were appropriate weights for their gestational ages. No healthy infant was studied on more than one occasion and no study lasted more than two hours. The median number of epochs recorded on each infant in group 2 was three (range 1-6). The infants had been fed 1-2 hours before the study, and most were either asleep or in a quiet awake state.
A total of 290 epochs each lasting 60 seconds were analysed. Visual examination of the one minute tracing showed pronounced variability over the course of the recording. There were two types of variability: the first was the beat to beat variability that was described by Perlman et 11 ). There were no differences in the number or variability of cycles when the use of these two drugs was compared.
In many cases the blood pressure recordings made at the same time as the cerebral blood flow velocity recordings did not show any variability (fig 2) . In eight studies there was pronounced beat to beat variability (fig 1) and all the ventilated babies showed increases in blood pressure that coincided with the ventilator inflations ( fig  2) . Cycling was seen on the blood pressure traces of seven babies (fig 3) . frequency (fig 3) . We could find no relationship between the cycling seen in the Doppler traces and any of the other variables measured. In particular, there were no significant differences in the infant's heart rate measured at the highest and lowest systolic phases of the cycle. There were no consistent changes in arterial oxygen concentration or haemoglobin saturation recordings during the course of the cycles, which might have accounted for the variations seen. The cycling was not abolished by the infusion of plasma. GROUP 2 Of the 16 babies in this group, 15 showed cycling at some time, and the frequency varied from 1V5 to 5/minute. A total of 49 epochs were studied of which 30 showed cycling (61%). These healthy term infants showed the same degree of beat to beat variability in their velocity traces as the sick and preterm infants.
The cycling variability could be calculated in 20 cycles. The median percentage systolic change during cycling was 24-2% (range 10-7-51 6%). The heart rate did not alter during the phase of the cycles. Cycling occurred in infants who were either awake or asleep. It was not possible to measure blood pressure directly in this group and indirect oscillometric methods for recording blood pressure were not possible because they are intermittent, and when the cuff was inflated the infant was disturbed.
There was no difference in the variability between the sick and the full term healthy infants (p=0 11). Discussion This study shows that there is a common pattern of regular cyclical variation most clearly seen in systolic cerebral blood flow velocity and occurring at a frequency of 1-5 to 5 cycles/ minute. The cycles are present in both sick extremely preterm and healthy full term neonates during the first eight days of life. The babies that we studied cover a wide range of gestational ages and were studied up to eight days of postnatal life. We do not have data beyond eight days, and are unaware of any studies contaming such data.
Cowan has described this cyclical variability in 18 healthy, 5 day old, full term neonates undergoing sleep studies,4 but she could not relate her findings to rapid eye movement sleep nI Uu nor to abnormality on the electroencephalogram. Not all the babies in our study were sleeping, and cycling was also present in those who were awake. Two studies of the adult cerebral circulation using periods of continuous Doppler recording lasting up to 10 minutes did not report similar cycling variability.5 6
Two infants in group 1 had haemodynamically important patent ductus arteriosus and required treatment with indomethacin. In neither case was a diastolic component of the sonogram recorded. Five other infants in group 1 also had heart murmurs consistent with patent ductus arteriosus but were not thought to have a haemodynamically important lesions; no infant in group 2 had a cardiac murmur. The cycling pattern was seen at some time in all but one of the 36 infants studied and there were no differences in either the frequency or the amplitude of the cycles between babies with and without murmurs or the two with symptomatic patent ductus arteriosus. It is most unlikely that a patent ductus has any influence on the cycling phenomenon.
There are two possible causes of these cycles: local factors associated with vessels and cerebral events. The diameter of the vessels, and therefore blood velocity, is influenced by various local factors including the arteriolar concentration of carbon dioxide, catecholamine concentrations, neural factors, and myogenic reflexes within the vessel wall.7 Among the sick infants studied here, many had been given a nondepolarising muscle blocker (pancuronium) to inhibit spontaneous respiration. There were no changes in ventilator rate during epochs, and it is therefore unlikely that there was a cyclical change in the carbon dioxide tension that caused the regular changes in cerebral blood flow velocity that we observed.
Little is known about the fine control mechanisms of the cerebral vasculature. For autoregulation to occur there must be a feedback mechanism that causes a change in arteriolar size in response to changes in the cerebral blood flow. In most of the infants studied there was no change in blood pressure at the time of the regular cycling cerebral blood flow velocity pattern. It seems unlikely that the effect we saw was the result of a passive myogenic response secondary to systemic changes in either cardiac output or peripheral resistance.
It is possible that this is a fairly primitive phenomenon and we suggest that the cycling in velocity may be an immature response that represents an underdamped autoregulatory mechanism. The cycles may represent rhythmical changes in cerebral vascular tone with a 'hunting' effect on the underlying cerebral blood flow velocity and presumably on cerebral blood flow. This may disappear with cerebral maturation, but it will be of interest to study older infants with this technique to discover at what age the cycling disappears. Although it is most likely that the small cerebral arterioles are responsible for the cycling, it is also conceivable that there may be rhythmic changes in tone of the major cerebral arteries. There is some evidence that in adults the major cerebral arteries play a part in cerebral autoregulation.8 The Doppler technique will not be able to distinguish changes in velocity arising as a result of either large or small arteriolar changes.
One must also consider that the cyclic activity may also be the result of more widespread cerebral events such as seizures or cerebral oedema. Seizures are associated with pronounced changes in cerebral blood flow and intracranial pressure. It is possible that cyclical changes in cerebral blood flow velocity may be the result of seizure activity, but were not found by Cowan who made continuous electroencephalographic recordings during her Doppler studies. 4 As these changes were also seen in 15 out of 16 healthy full term infants, seizures are most unlikely to have been the cause. Lundberg described cyclical changes in intracranial pressure at 0-5-2 cycles/minute in adults and referred to them as 'B' waves.9 These changes were of irregular amplitude and interval and were associated with stupor or coma. If the patients were aroused the B waves became less regular or disappeared. They were also associated with Cheyne-Stokes breathing and would disappear once the patient was ventilated. We have also seen regular fluctuations in intracranial pressure in critically ill full term asphyxiated infants. 10 The frequency of these fluctuations was about 0 5 cycles/minute, but all the infants were extremely ill and all died. Cerebral oedema is also most unlikely to have caused the cyclical variation in our babies, none of whom had severe birth asphyxia. The beat to beat variability described by Perlman et al was measured in the anterior cerebral arteries of premature infants being ventilated for respiratory distress.3 This variability was reflected in the simultaneously recorded blood pressure and was associated with an increased risk of intraventricular haemorrhage. The same workers later showed that this variability was abolished by muscle relaxing drugs. "l They concluded that lack of synchrony between the infants' respiratory efforts and the ventilator was responsible for the beat to beat fluctuations in both blood pressure and cerebral blood flow velocity. Rennie 30 consecutive cardiac impulses at most (about 15 seconds). This is one factor in the high intraobserver variability. As both systolic and diastolic frequencies seem to vary to the same degree, cycling variability will be reflected to a much lesser extent by measurements of the resistance or pulsatility indices. These indices correlate less well with changes in cerebral blood flow than measurements of the peak systolic velocity, end diastolic velocity, or area under the velocity curve. '4 15 MYA was supported by the Spastics Society. We thank Doptek for providing us with the Doppler unit.
